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Abstract. In this Letter we report on lateral diffu-
sion measurements of excitons at low temperature in
double quantum wells of various widths. The struc-
ture is designed so that excitons live up to 30 µs and
diffuse up to 500 µm. Particular attention is given to
establishing that the transport occurs by exciton mo-
tion. The deduced exciton diffusion coefficients have
a very strong well-width dependence, and obey the
same power law as the diffusion coefficient for elec-
trons.
Excitons move in semiconductors and semiconduc-
tor structures, transporting energy from one point
to another. Typical experiments with excitons in
quantum wells do not observe motion of excitons
over macroscopic distances, because the excitons have
short lifetime due to close spatial wavefunction over-
lap and low diffusion constant due to disorder scat-
tering.
In this Letter we report a system in which excitons
move freely over distances of hundreds of microns.
This opens up the possibility for both new applica-
tions and new fundamental studies. For example, ex-
citon transport over long distances may be useful for
energy collection. As shown previously [1], excitons
can be subjected to a drift force which moves them
from one place to another. If the motion of exci-
tons can be controlled in circuits over macroscopic
distances, the energy collected over a large area can
be directed to collection points, similar to the way
biological photosynthesis is believed to occur.
Achievement of a truly delocalized gas of excitons
also allows study of their fundamental behavior and
phase transitions in an electron-hole system. For ex-
ample, Bose-Einstein condensation of excitons has
long been predicted [2], but the theory typically as-
sumes translational invariance, while in typical exper-
iments with quantum wells, disorder plays a major
role [3].
Electron and exciton transport properties in quan-
tum well systems have been the subject of a number
of studies [4, 5, 6, 7]. From the theory of interface
roughness scattering, it is expected that exciton mo-
bility in narrow quantum wells will depend on the well
width in the same way as electrons, but this has not
been directly established until now. As is well known
[8, 9], double quantum well structures extend the life-
time of excitons. In our experiments the lifetime was
extended up to 30 microseconds, and the diffusion
length of the excitons up to 500 microns. Thus in
these systems the measurement of the diffusivity of
the excitons and their effective mobility readily lend
themselves to time-resolved optical imaging.
Our double quantum well samples were grown
by means of molecular beam epitaxy (MBE) on n-
doped GaAs (100) substrates with p-type capping
layer. The GaAs wells were separated by a 40-A˚
Al0.3Ga0.7As barrier and had widths of 80, 100, 120,
and 140 A˚, respectively. Voltage was applied perpen-
dicular to the wells, causing the bands to tilt and
the electrons and holes to separate, leading to the
existence of “indirect” excitons, with electrons and
holes in different wells, as opposed to “direct” exci-
tons within a single quantum well. Both the the life-
time and the energy of excitons can be tuned by the
electric field [9, 10]. We made an effort to reduce leak-
age current through the structure, since free carriers
screen the Coulomb potential, reducing excitonic life-
times, and free carriers can scatter with the excitons,
reducing the exciton diffusion constant. In order to
do away with these unwanted effects, the outer bar-
riers included superlattices built up of 20 successive
layers of AlAs/AlGaAs, similar to, e.g., Ref. [11].
This reduced the dark current passing through the
double quantum wells to below 1 µA/cm2.
Electrons were excited into the conduction band
by short (200 fs) laser pulses tuned to the direct ex-
citon energy. The repetition period of the laser was
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Figure 1: Composite of the time-integrated lumines-
cence from the 100-A˚ well structure, recorded with
an imaging spectrometer, for various applied voltages
and with an excitation power of 2.7 mW. The narrow
vertical line in the center of each image is impurity
luminescence from the GaAs substrate, which is also
excited by the laser. The chevron-like cloud spread-
ing out from the central line shows the motion of the
excitons away from the laser spot.
4 or 8 µs, so that the remainder of excitons from pre-
vious pulses was negligible. After the pulse, under
the influence of the electric field, electrons and holes
tunnel through the 40-A˚ inner barrier into different
wells, thus producing indirect excitons in less than
1 ns. The transport of indirect excitons was mea-
sured by imaging the sample onto the entrance slit
of a spectrometer. The light intensity at the indi-
rect excitonic wavelength as a function of both time
and position is measured with an accuracy of 2 ns
and 25 µm, respectively. The method is similar to
that described in detail in Ref. [12]. To maintain
a temperature of approximately 1.8 K, all measure-
ments were conducted in a Janis Varitemp cryostat,
and the samples were immersed in liquid He.
Fig. 1 shows a composite of the time-integrated
luminescence from the 100-A˚ well structure, for vari-
ous voltages, recorded by projecting an image of the
sample onto the entrance slit of an imaging spectrom-
eter. These images show both the spatial and the
spectral profile of the luminescence. As the voltage
is increased, the lifetime increases [10], and the ex-
citons travel further. In each of the images, there
is a blue shift of the spectral position near the cen-
tral excitation spot, which is the region of highest
exciton density, and the spectral position falls as the
density decreases far from the laser excitation spot.
This shift comes from the repulsive interactions of
the excitons, which lead to a mean-field energy shift,
which is essentially just the Hartree term of the spa-
tially seperated electrons and holes [13]. As discussed
below, this strong repulsion of the excitons gives a
strong pressure-driven expansion of the exciton gas
immediately after the laser pulse.
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Figure 2: Indirect exciton luminescence intensity as
a function of time for various points on the sample
with 100 A˚ well width. The curves are labeled by the
distance x in the plane from the central laser spot.
The average excitation power was 30 µW and the
repetition period 4 µs.
Fig. 2 shows time-resolved luminescence for vari-
ous distances from the excitation spot. The rise time
of the luminescence is longer for spots further away
from the excitation spot, consistent with the picture
that the excitons move out from the excitation spot
without becoming localized. This figure also shows
that the decay of the excitons at late times is sin-
gle exponential; there is no evidence for any Auger
density-dependent recombination as seen for excitons
in Cu2O [6].
Unlike previous experiments [15, 16], there is no
dark region between the laser excitation spot and
the exciton luminescence at long distance; the ex-
citon cloud moves continuously from the laser spot
outward. As shown earlier [17, 18], the effect of the
ring of luminescence around a dark region came about
because of a balance of carriers tunneling through
the barriers and excitation of carriers over the barri-
ers. In the present experiments, as discussed above,
we have designed the sample to greatly decrease
the tunneling through the outer barriers, and the
laser excites the excitons resonantly, so that hopping
over the barriers is suppressed. In previous exper-
iments [17], no ring and accompanying dark region
was seen when the laser photon energy was less than
the AlxGa1−xAs barrier height.
We can quantitatively measure the diffusion con-
stant of the excitons using the time-resolved lumines-
cence. Fig. 3 shows a series of spatially and tempo-
rally resolved exciton emission profiles. In this case
the width of the wells was 100 A˚. The data in the
figure are fit to Gaussian distributions. The widths
of these fits are then used to get an estimate for the
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diffusion coefficient. As is well known, in the case
of a purely diffusive process, the square of the Gaus-
sian variance increases linearly with time. Keeping in
mind that the solution of the 2D cylindrically sym-
metric diffusion equation is
n(r, t) =
n0
t
exp
(
−
r2
4Dt
−
t
τ
)
, (1)
we get that the slope of the linear regime is twice
the diffusion coefficient. In the equation above, r2 =
x2 + y2, n(r, t) is the density of excitons, n0 the ini-
tial density, D the diffusion constant and τ the life-
time. Note that the finite lifetime of excitons causes
an overall drop in the intensity with increasing time,
but has no effect on the variance of the Guassian fit.
A typical plot of the time-dependence of the
variance-squared for all four double well samples is
shown in Fig. 4. Immediately after the laser pulse
the exciton cloud expands rapidly, then at late times,
the behavior becomes linear. The initial period can
be explained if one takes into account that follow-
ing the pulse the exciton density is very high. This
results in a pressure due to dipole-dipole repulsion
between aligned excitons. This pressure causes drift-
like motion of the the excitons to move away from the
excitation spot. A secondary effect of exciton density
can be the filling up of local minima by excitons [19],
which leads to higher diffusion coefficient. At late
times, after the density has dropped, pure excitons
diffusion sets in and starts to dominate.
Fig. 5 shows the diffusion coefficients for the four
double well samples. The excitation density in all
cases was kept low, in order to minimize the time in
which the expansion of the exciton cloud is nondif-
fusive due to high dipole-dipole pressure. As seen in
this graph, there is an overall increase in the diffusion
coefficient as the well width is increased, consistent
with a D ∝ L6 power law. This is in accordance with
both previous measurements for electron transport
[4] and a straightforward theory.
At these low temperatures, there are two main con-
tributors to the diffusion coefficient, both increasing
with well width. The first one is exciton-phonon
scattering, whose well-width dependence is given by
τph = L/AT , where T is temperature, A is a constant
describing the exciton-phonon interaction strength
and L is the well-width [20, 21]. The second effect is
interface roughness scattering, whose well-width de-
pendence is given by τIRS ∝ L
6 in the case of in-
finitely high barriers, assuming Rayleigh scattering
from well-width variations which have relative po-
tential energy difference dE ∝ dL/L3. The power
law determined here is in remarkably good agreement
with the result of Sakaki et al. [4] for free electrons.
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Figure 3: Expansion of the exciton cloud at differ-
ent times after the excitation. In this particular case
the well-width was 100 A˚. The measured lumines-
cence intensities are normalized. Also shown are the
Gaussian fits with the value of the variance. The
conditions are the same as in Fig. 2.
This is consistent with the view that at in the low-
temperature, dilute limit, all quasiparticle scattering
from interface roughness is dominated by Rayleigh
scattering.
In summary, in our double quantum well samples
the lifetime of excitons can be extended up to 30
µs, thus making transport measurements feasible by
means of conventional optical techniques. The inter-
actions of the excitons lead to a fast, pressure-driven
expansion immediately after the laser pulse creates
the excitons. At late times, the exciton motion is dif-
fusive, and the diffusion coefficient has dependence
on the well width consistent with a universal power
law which applies when the scattering is dominated
by Rayleigh scattering from well-width variations.
Although long-range diffusion of excitons has been
demonstrated for twenty years in bulk semiconduc-
tors [22], similar behavior has not been seen in quan-
tum well structures. This study shows that it is
proper to treat the excitons as a gas of diffusing par-
ticles, and opens up the possibility of controlling the
motion of excitons in chips over long distances.
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